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, $(s>1)$
.
(1) ( $\partial_{t}^{\mathit{2}}$ $-\triangle$ ) $f=F(f, g, \partial f, \partial g)$ , $(x, t)\in \mathbb{R}^{f1}$
.
$\mathrm{x}\mathbb{R}$ ,
(2) $(\partial_{t}^{2}-s^{2}\triangle)g=G(f, g, \partial f)\partial g)$ , $(x, t)\in \mathbb{R}^{n}\mathrm{x}\mathbb{R}$ ,
(3) $f(x, 0)=\epsilon f_{0}(x)$ , $\partial_{t}f(x, 0)=\epsilon f_{1}(x)$ , $x\in \mathbb{R}$ ,
(4) $g(x, 0)=\epsilon g_{0}(x)$ , $\partial_{t}g(x, 0)=\epsilon g_{1}(x)$ , $x\in \mathbb{R}$ .
$(s=1)$ , $(s>1)$
, , .
. , $F$ $g,$ $\partial g$ , $G$ $f$,
weakly coupled case , $F,G$ $f$ $f$ $g$ $g$
strongly coupled case .
$F=F(\partial f, \partial g),G=G(\partial f, \partial g)$ . , $n=3,s=1$
2 , [1] $n=3,s>$
$1,F=$ g,G $=\partial f\partial g$ . , weakly
coupled case ([5]). , $n=3$ 2
.
$F=F(f, g),G=G(f,g)$ , [3] strongly
coupled case , weakly coupled case
. , [2] $n=3$ ,
.




, , l $\llcorner-\iota\ovalbox{\tt\small REJECT}$ , $n=2$ l 3
, $n=1$
, , .
, strongly coupled case null form , l ,
$n=1$ 2 .
1. $n=1,s>1$ , ,





$+C_{25}$ ( $\partial_{t}f\partial_{t}f-\partial_{x}f\partial_{x}$ f)+C26(\partial tg\partial tg-s2axg\partial xg
. $C_{ij}$ , $p_{1},p_{2},$ $q_{1},$ $q_{2}\geq 1$ . $a>1$ ,
$(1+|x|)^{a}\partial_{x}f_{0},$ $(1+|x|)^{a}f_{1},$ $(1+|x|)^{a}\partial_{x}g_{0},$ $(1+|x|)^{a}g_{1}\in L^{\infty}(\mathbb{R})$
, $\epsilon_{0}>0$ , $0\leq\epsilon<\epsilon_{0}$ , ,
$t>0$
(7) $(1+|x|)^{a}\partial_{x}f(t),$ $(1+|x|)^{a}\partial_{t}f(t),$ $(1+|x|)^{a}\partial_{x}g(x),$ $(1+|x|)^{a}\partial_{t}g(t)\in L^{\infty}(\mathbb{R})$
.
, A ,
? , [4] $H^{m}$ ,
$n=1,p_{1}=p_{2}=q_{1}=q_{2}=1$ $m=1$
, $L^{1}$ , .
2. $n=1_{f}s>1$ , (5) $,(6)$ , $p_{1}=p_{2}=q_{1}=q_{2}=1$ .
$\partial_{x}f_{0},$ $f_{1},$ $\partial_{x}g_{0},$ $g_{1}\in L^{1}(\mathbb{R})$
, $\epsilon_{0}>0$ , $0\leq\epsilon<\epsilon_{0}$ , ,
$t>0$
(8) $\partial_{x}f(t),$ $\partial_{t}f(t),$ $\partial_{x}g(t),$ $\partial_{t}g(t)\in L^{1}(\mathbb{R})$
.
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1, 2 , $n=1$ (5)$-(6)$ 2
. $(+\infty)$ . , $n=2$
3
.
, $F=\partial(fg),G=\partial(fg\prime 1$ .







$f_{\pm}(x, t)=(\partial_{t}\pm\partial_{x})f(x, t)$ ,
$g\pm(x, t)=(\partial_{t}\pm s\partial_{x})g(x, t)$ ,
,
$\partial_{t}f=(f_{+}+f_{-})/2$ , $\partial_{x}f=(f_{+}-f_{-})/2$ ,
$\partial_{t}g=(g_{+}+g-)/2$, $\partial_{x}g=(g_{+}-g-)/(2s)$ ,
, (1)$-(6)$ .
(9) $(\partial_{t}\mp\partial_{x})f_{\pm}(x, t)=F(f_{\pm,\mathit{9}\pm})(x, t)$ ,
(10) $(\partial_{t}\mp s\partial_{x})g\pm(x, t)=G(f_{\pm},g_{\pm})(x, t)$ ,
(11) $f_{\pm}(x, \mathit{0})$ =\epsilon (fl\pm 0 f0)\in Ll,
(12) $g\pm(x, 0)=\epsilon(g_{1}\pm s\partial_{x}g_{0})\in L^{1}$ .
,
(13) $\mu=t+x$ , $\nu=t-x$ , $\mu_{s}=t+\frac{1}{s}x$ , $\nu_{s}=t-\frac{1}{s}x$
.
(14) $f_{\pm}’(\mu, \nu)=f_{\pm}(x, t)$ , $g_{\pm}’(\mu_{s}, \nu_{\epsilon})=g_{\pm}(x, t)$,
(15) $F’(f_{\pm}’,g_{\pm}’)(\mu., \nu)=F(f_{\pm}, g_{\pm})(x, t)$ , $G’(f_{\pm}’, g_{\pm}’)(\mu_{s}, \nu_{s})=G(f_{\pm}, g_{\pm})(x, t)$ .
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(17) $N(f_{\pm}’,g_{\pm}’)=(\begin{array}{ll}-\mu)+\int_{-\mu}^{\nu}F’(\mu,\nu’)f_{+}’(\mu,d\nu’ f_{-}’(-\nu,\nu)+\int_{-\nu}^{\mu}\Gamma’,(\mu’ ,\nu)d\mu’-\mu_{\epsilon})+\int g_{+}(\mu_{S},-\mu_{s}\nu_{s/} G’(\mu_{\mathit{8}},\nu_{\epsilon},)d\nu_{s}’g_{-},(-\nu_{\epsilon},\nu_{\mathit{8}})+\int_{-\nu_{\theta}}^{\mu_{\epsilon}} F,(\mu_{s}’,\nu_{s})d\mu_{\epsilon}’\end{array})$
. $N$ (16)
. $||$ . || .
$||(f_{+}’, f_{-}’, g_{+}’, g_{-}’)||_{\lambda’}=||f_{+}’||_{L^{1}L\infty+||f_{-}’||_{L_{\nu}^{1}L_{\mu}}}\mu\nu\infty+||g_{+}’||_{L_{\mu \mathrm{g}}^{\mathrm{l}}L_{\nu_{l}}}\infty+||g_{-}’||_{L_{\nu_{*}}^{1}L_{\mu_{*}}}\infty$
,
||f $||_{L_{\mu}^{1}L_{\nu}^{\infty=}} \int_{-\infty}^{\infty}\sup_{\nu}|f_{+}’(\mu, \nu)|d\mu$ ,
$||f_{-}’||_{L_{\nu}^{1}L_{\mu}} \infty=\int_{-\infty}^{\infty}\sup_{\mu}|f_{-}’(\mu, \nu)|d,\nu$,
$||g_{+}’||_{L_{\mu s}^{1}L_{\nu_{\epsilon}}^{\infty}}= \int_{-\infty}^{\infty}\sup_{\nu_{l}}|g_{+}’(\mu_{s}, \nu_{s})|d\mu_{s}$,
$||g_{-||\infty}’L_{\nu_{l}}^{1}L_{\mu\epsilon}= \int_{-\infty}^{\infty}\sup_{\mu_{S}}|g_{-}’(\mu_{\epsilon}, \nu_{\epsilon})|d\nu_{s}$
. , , $X$ ,
$X_{\epsilon}$ .
$X_{\epsilon}=\{(f_{+}’, f_{-}’,g_{+}’,g_{-}’)\in X|||(f_{+}’, f_{-}’, g_{+}’, g_{-}’)||\mathrm{x}<4\epsilon\delta\}$
87
, \mbox{\boldmath $\delta$}=(|| x $f_{0}||_{L^{1}}+||f\mathrm{J}||_{L^{1}}+||\partial_{x}g_{\mathit{0}}||_{L^{1}}$ $+||g_{1}||_{L1}$ ) . , (17) ,
$||N(f_{\pm}’,g_{\pm}’)||_{\lambda’} \leq||f_{+}’(\mu)-\mu)||_{L_{l}^{1}},+||\int_{-\mu}^{\infty}|F’(\mu, \nu’)|d\nu’||_{L_{\mu}^{1}}$
$+||f_{-}’(- \nu, \nu)||_{L_{\nu}^{1}}+||\int_{-\nu}^{\infty}|F’(\mu’, \nu)|d\mu’||_{L_{\nu}^{1}}$
$+||g_{+}’( \mu_{s}, -\mu_{s})||_{L_{\iota_{S}}^{1}},+||\int_{-\mu_{\epsilon}}^{\infty}|G’(\mu_{\mathrm{B}}, \nu_{\epsilon}’)|d\nu_{\delta}’||_{L_{l*}^{1}}$,
$+||g_{-}’(- \nu_{s}, \nu_{s})||_{L_{\nu_{S}}^{1}}+||\int_{-\nu_{\theta}}^{\infty}|G’(\mu_{s}’, \nu_{s})|d\mu_{\epsilon}’.||_{L_{\nu}^{1}}$.
, (11),(13),(14)


















$||g_{+}’(\mu_{s}, \nu_{s})g_{-}’(\mu_{\epsilon}, \nu_{s})||_{L_{\mu,\nu}^{1}}\sim||g_{+}’(\mu_{\mathit{8}}, \nu_{\epsilon})g_{-}’(\mu_{s}, \nu_{s})||_{L_{\mu s}^{1}},\nu_{*}$
88
, (19)
$||g_{+}’(\mu_{s}, \nu_{\epsilon})g_{-}’(\mu_{s}, \nu_{s})||_{L_{\mu,\nu}^{1}}\leq||g_{+}’||_{L_{\mathrm{z}s}^{1}L_{\nu_{S}}},\infty||g_{-}’$ IIL\Delta 3L
$16\epsilon^{2}\delta^{2}$ .
. $f_{j}’g_{k}’$ . , $s>1$ , $\mu=0,$ $\nu=0,$ $\mu_{s}=$
$0,$ $\nu_{s}=0$ . ,
(19) ,
$||f_{j}’(\mu, \nu)g_{k}’(\mu_{\epsilon}, \nu_{s})||_{L_{\mu,\nu}^{1}}\leq 16\epsilon^{2}\delta^{2}$ ,
.
$||F’(\mu, \nu)||_{L_{\mu.\nu}^{1}}\leq C\epsilon^{2}\delta^{2}$ ,
, $G’$ ,
$||G’(\mu_{\epsilon}, \nu_{s})||_{L_{\mu_{S},\nu_{*}}^{1}}\leq C\epsilon^{2}\delta^{2}$ ,
. ,
$||N||_{X}\leq 2\epsilon\delta+C\epsilon^{2}\delta^{2}$




( 1 ). 2 , (1)$-(6)$ (16)-(17) .
2 $N$ (16)
. $\text{ }$ $||\cdot||x$ .
$||(f_{+}’, f_{-}’,g_{+}’, g_{-}’)||_{X}=||(1+|\mu|)^{a}f_{+}’||_{L_{\mu.\nu}^{\infty}}+||(1+|\nu|)^{a}f_{-}’||_{L_{\mu.\nu}^{\infty}}$
$+||(1+|\mu_{s}|)^{a}.g_{+}’||_{L_{\mu_{*},\nu_{*}}}\infty+||(1+|\nu_{s}|)^{a}g_{-}’||_{L_{\mu*\cdot\nu_{l}}}\infty$
, , $X$ ,
$X_{\epsilon}$ .
$X_{\epsilon}’=\{(f_{+}’, f_{-}’, g_{+}’,g_{-}’)\in X|||(f_{+}’, f_{-}’, g_{+}’,g_{-}’)||\mathrm{x}<4\epsilon\delta\}$
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, $\delta=(||(1+|x|)^{a}\partial_{x}f_{0}.||_{L\infty}+||(1+|x|)^{a}f_{\mathrm{J}}||_{L}\infty+||(1+|x|)^{a}\partial_{x}g_{0}||_{L^{\mathrm{K}}}+||(1+|x|)^{a}g_{1}||_{L\infty})$
. , (17) ,
$||N(f_{\pm}’, g_{\pm}’)||_{X}$
$\leq||(1+|\mu,|)^{a}f_{+}’(\mu, -\mu)||_{L_{l}},\infty+||(1+|\mu|)^{a}\int_{-\mu}^{\infty}|\Gamma’\sqrt(\mu, \nu’)|d\nu’||_{L},,\infty$
$+||(1+| \nu|)^{a}f_{-}’(-\nu, \nu)||_{L_{\nu}}\infty+||(1+|\nu|)^{a}\int_{-\nu}^{\infty}|F’(\mu’, \nu)|d\mu’||\iota_{\iota}\infty$,
$+||(1+| \mu_{s}|)^{a}g_{+}’(\mu_{s}, -\mu_{\epsilon})||_{L_{\mathrm{z}_{\theta}}},\infty+||(1+|\mu_{s}|)^{a}\int_{-\mu_{s}}^{\infty}|G’(\mu_{s}, \nu_{s}’)|d\nu_{s}’||_{L_{1_{B}}},\infty$









$||(1+| \mu|)^{a}\int_{-\mu}^{\infty}|F’(\mu, \nu’)|d\nu’||_{L_{\mu}}\infty\leq||(1+|\mu|)^{a}F’(\mu, \nu)||_{L_{\mu}L_{\mu}^{1}}\infty$
,
(20) $F’( \mu, \nu)\leq\sum_{\mathrm{j},k=+or-}C_{j,k}|f_{j}’|^{p_{1}}|g_{k}’|^{p2}+C’|f_{+}’f_{-}’|+C’’|g_{+}’g_{-}’|$
, (20) . $|f_{+}’f_{-}’|$ ,
$||(1+|\mu|)^{a}f_{+}’(\mu, \nu)f_{-}’(\mu, \nu)||_{L_{\mu}L_{\nu}^{1}}\infty$









. $|f_{j}’|^{\mathrm{P}1}|g_{k}’|^{\mathrm{P}2}$ . , $s>1$ , $\mu=0,$ $\nu=$
$0,$ $\mu_{s}=0,$ $\nu_{s}=0$ . ,
(21),(22) ,
$||(1+|\mu|)^{a}|f_{j}’(\mu, \nu)|^{p1}|g_{k}’(\mu_{s}, \nu_{\epsilon})|^{p2}||_{L_{l}^{\infty}L_{\nu}^{1}},\leq C\epsilon^{2}\delta^{2}$ ,
.
$||(1+|\mu|)^{a}F’(\mu, \nu)||_{L_{\mu}^{\infty}L_{\nu}^{1}}\leq C\epsilon^{2}\delta^{2}$ ,
, $G’$ ,
$||(1+|\mu_{s}|)^{a}G’(\mu_{s}, \nu_{s})||_{L_{\mu}^{\infty_{s}}L_{\nu_{B}}^{1}}\leq C\epsilon^{\mathit{2}}\delta^{2}$ ,
. ,
$||N||_{X}\leq 2\epsilon\delta+C\epsilon^{\mathit{2}}\delta^{2}$
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